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Claiss 2. A eefaod for improving ifee 


efficiency of a 



f oar-strake cycle internal cos&astloa engine having as Intake 
gtanffotd^, at least one cylinder* and for each cylinder a piston* 
an exfeaust vah ; e, an intake valve and a& intake p-3ssage#ay bet^e^ 
the intake manifold and the Intake vslve* tfee method c&&g*r?sf3§ 
for eacl* engine cycle in each cylinder: 

opesi^g tfee intake yalve before t&e piston reaches tap 
dead centre at the end of the exhaust stroke and shutting 
the exhaust valve after top dead centre d«ri*:?g the HataSce 
stroke to define a period w&er* both valves are open 
sisiul tanecus *y ; 

retarding the shotting of the intake *ralye until after the 
start of the compression stroke; 

selectively blocking the intake passageway at a location 
spaced frosn the intake valve to permit one-way f lav? of gas 
frosi the Intake ssasifotd through the intake passageway 
past said location hut to prevent, at least far llgfct 
engine loads, reverse flosr tltrcagh tfee Intake passageway 
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past said location to the intake manifold, said blocking 
location being selected to create a reserve chas&er of 
predetermined v^ltme ia the intake passageway between the 
Intake valve and ssid location, a reserve of gas being 
compressed in said chamber while the intake valve is open 
during the compression stroke and then being expanded 
through the intake and exhaust valves during the next 
period of simultaneous opening thereof to provide Improved 
scavenging of the cylinder at the start of each intake 
stroke; 
and 

opening a path between the intake valve and the intake 
manifold st high engine loads for permitting the escape of 
at least part of said compressed gas reserve back into 
said manifold, thereby reducing the effective compression 
rctio at high load* 
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is the actual investor of die invention referred to sa 
die basic app&atson s and the facts upon which the applicant company is 
earitfed to make the application -ire as fellows; 
The applicant ccntpany is a person within the Cleaning of 
- : - Section 34(1) {fa} of the Act by virtue of the fact that the 
: **** invention was made by the actual inventor in the course of 
his estployment with the applicant company 

The basic application referred to in paragraph 2 of this Declaration 
is/are the £rst application made in a Convention country in respect of 
the invention of the subject of the application. 
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Complete Specif ication for. the invention entitled: 



u IMSW^y^n^I£' T^ OJl lfeaffI3C TO METHOD £HD DEVTC3 FOR 3^R<3¥ES£ 
EFFICIENCY OF ISPTSaai* CGMBvSTTOg ENGZ&ES" 

The following statement is ^ full description of this invention 
including the best method of performing it kno^n to us 
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A method for improving the efficiency of an internal 
combustion engine such as a Diesel engine, by ensaei&g* on 
the oae hand, efficient cylinder seawagi&g # particularly at 
light engine loads and/or low speeds, and on the otfee? hand, 
a reduction of the effective compression ratio resulting in 
teaaperature reduction preferably under high engine loads 
and/or at high speeds. said method consists in creating, 
for each engine cylinder and each engine cycle, a reserve of 
compressed air, during the intake stage, with the intake air 
and in compressing it by retarding the closing of the intake 
valve. A non-return valve is accomodated in the intake 
conduit and said gas reserve is contained in the space 
between the intake valve and the non-return valve. 
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The present invention has essentially for its object 
a sjethod and a device particularly intended to insure, on 
the one hand, good cylinder scavenging, especially raider 
light loads and/or low speeds, and on i&e otfeer, a decrease 
in the effective compression ratio, resulting is. tssspera-- 
ture reduction, preferably under heavy loads msd/fcs? 
speeds, without prejudicing engine efficiency 
performance ♦ 

According to a known method, in order to iinprove 
efficiency, particularly in supercharged type engines, an 
attempt is made to ensure good cylinder scavenging, allowing "J 
an increase in the amount of air admitted to each cylinder 
and a cooling of, in particular, the exhaust valves* 

It may happen, however, especially during starting and 
at lo-/r speeds {idle running or no-load running), that the 
intake pressure is insufficient, compared with the exhaust 
pressure, to ensure cylinder scavenging- For example , in 
the most unfavourable case, the exhaust pressure nay reach 
1,8 kg/sq.cxa while the intake pressure is only about 1 kg/ 
sq . cm . Owing to the usual exhaust- valve closing lag and 
intake- valve opening lead, a communication unavoidably exists 
between the intake manifold and the exhaust manifold. so3^^/; : ^| 
as the exhaust valve is not closed. Consequently, if the 
exhaust pressure during this space of time is higher than 
the intake pressure, not only a correct scavenging of the 
cylinders- cannot be ensured, but on the contrary a highly 
unfavourable counter scavenging occurs . Moreover, in the 
case of the most unfavourable difference in pressure (0-8 kg/ 
sq.cn) , the turbine, of each tucrbosupercharger must be put 
out of action and the compressor has to be driven aechani- 




cally to avoid excessive eouater-scavenging, a procedure 
that is highly complicated, estpexisive and eon&iderabSLy 
creases consumption (by about 30?0* 

This drawback can be remedied by reducing or evea r*es&©~ 
ving the overlap between the intake-valve opea&lasg period 
the exhaust-valve closing period, tfeas ©feviat&ag 4fee oat Ji 

cot^ter--scavenging, but on the other fcsssd, no scavenging &S ^ 
obtained, so that the po^er of the engine is reduced aaad tfee 
exhaust-valves are not cooled. 

An essential purpose of the invention is, in particular* 
to obviate the risk ox counter-scavenging, preferably under 
light loads and/or at low speeds , while at the same tise per— 
sitting cylinder scavenging, without the necessity of super- " ■ 
charging at lov/ engine speeds , thereby /all caring - mechanical 
driving of the turbo supercharger compressor in the aforesaid 
Host unfavourable case to be avoided . 

Another essential purpose of the invention is to obtain 
a variable effective compression ratio and a variable useful 
piston stroke or displacement voluse, thus permitting, in par—" 
ticular, the supercharging of very—high compression-ratio 
engines which cannot normally be supercharged because of the 
excessively high maximum combustion pressures, or the i2aoreas^^ 
in considerable proportions, in the supercharging ratio of 
already supercharged engines, while at the same time recmeing; 
to a mini toot their disadvantages during operation on sta^g^ap;^ 
and under partial loads. 

Consequently, the method according to the invention is- 
characterized/ in that it consists in creating during thfe? Sgs^H'fj 
ke stage a reserve of gas such as intake air and fe~oo^^6^| 
it by retarding the closing of the intake valve 
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j3efo&& the afitsfil vsisEes* by asgle ca?osafe-*5aaft 

tetim of t&£& 50°* 

&mrmg each cycle, before tt*e «9ffipost 3 tags, a resets* of 
e«^res^e4 air a&& scavsssgisg 4tee csrUaitasr T&spr 
s**c& eonpresseft air at t&e feegissaiag e£ tSie 
of the following cycle. 

According to still another characterizing feat^ure, 
matfecd of the in^entioa /eosfl - i^G - ■ 1b creating each rescue at : j 
compressed air in the correspoiriding Intake condmt 

Another essential purpose of the Indention is to r^eStsc'^ 
the tesrperature* particularly towards the end of tfefe os«®ras^ 
sion stage, preferably during heavy-load and/or &igbj*<5jpee& 
wmwing. by reducing the effective cciEpressien ratio* 5?o t&£5 
esd, the ssethod according "to the Invention Is ofeara^rfcerissgdt 
In - t^at tfaszre "1g presided ^ at tb.o IctcI - of -t B^/saxd air re- 
serve T at least one air-escape means for by-passing the ads? 
towards tbe Intake sanirold* 

*ghe invention also provides a device for carrying out tfe^ 
aforesaid method, characterized in that it comprises a nxm— 1 
return valve accomodated in the intake conduit, eitfea^* la l&e $ 
cylinder bead or ia the competing conduit het&eext 12ie iarfcaSsre g 
manifold and the cylinder head, the cosifineBent space of 1Ste 
sal£ aSa? reserve being fczzzr iced beweea tJae intake valve assd 
33« moa-return valve. 

According to another characterizing feature of the in- 
version* tfee device according to a first forsa of e^odissexit 
eoB|&?lses a by-pass conduit extending between the &&ts£&& mesai^ 
•a^&S apd associated cosmectlsg conduit and opezaleg isto 
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art a $&&&t located &m^^e&&- 19Sfe said mm- 
va3^?e* ^ said ^pafift c®jh&m xs^^S^m^m « 
depose <*£ s^ettteg of ^aidh 'is 
A&eord&tg to eawSker c£*S9&£?9 
v&O&kaa sm& to a s^eofc^ £&m of 
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£o "be considerably si^paified, the m^T^mm' i$ 

£&t£sgral with tlte fey-pass oc**diait valve a&d is o<m^dt^^:-^f 
by axial orifices provided in the fey-pass o&iz&alt valve 
and adapted to "be closed by, for example, a 'aesftvaaae .secaaareal 
to the said valve head. 

According to another characterizing feature of the SJgv& 
tiozi, the degree of opening of the said by-pass conduit "SaSs^ 
is controlled by eatterasal" means in accordance with, the e^|p2|5e : 
spewed and /or load aad has at least t^o values 9 i.e. a isSSci^ : 
assess and a 2*±ni2HU5s value, respectively, or varies exifeez* dis^v 
cretely or contixicusly between t&ose two Halt values. 

According to another feature of the invention, le&k&n tfee 
fey-pass cossduit valve is in its closed position, the non-re— 
wrm valve pennies fee passage of the intake air or mixture 
t0Vsa£*ds tke cylinder, but prevents tse mixture already in 
tlae cylinder f roa being forced out thereof d^ing engine 
i^g 5 li^at— load and/ or lew— speed operation. 

j&o^ordi^g to anot&er ebarac t er iz ing feature of xtie devi 
tfee &y~pass ooaduit valve in its open position persaits, oh 
ose lsa*id, tfee passage of isrta&e air or fixture towards xkie 
cylinder, asd on the otiter hand, allows the fixture alsreadv 
iaa ti^e cylinder to be forced out /tfecrc^f - during ezigizie heavy- 
load esmf&r &igp&--speed operation. 

=>r advantages 5 characterizing features and details oit 
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t&SS »$&esit£<>» will apj^x stcsfre clearly as the fjolXowiisg 

description proceeds *rith reference -to fcfei* 
acp^3%$ £%g30$339& given soiely by isay of esa*ap3*» vbereioc 

£&g^ 1 fee 4 diag_ca5G^*i<raIly shos* a** e^i^e ear-L&a$efe 
P$$¥&S£# #at& a first f&m ^m3b<)(|j^Gnfe of tfee 
aeodpagjag to tie wexttion Silfcs&r&tiag th^ ngfrttto? 
stages of the ©etfee*d of the ip*e#£io^ during eogiwe s*r3r?teiij^ 
I^gfet^load and/or low-speed o^&ation; 

Figs* 5 and 6 d iagrasnaa t ical ly illustrate tfre stag&s off." 
10 the srethod of the invention during heavy -load and/or : 
high -speed operation; 

Fig. 7 is a comparative graphic representation, in 
logatitfeniic co-ordinates, of various engine heavy-load and/or 
high-speed rrainiag cycles,, including, a cycle according to tjae 
in$vention; 

Fig. 8 is a graphic representation, on a logarithmic 
scale / of the variations of the compression temperatures 
(°K> of the engine cycles illustrated in Fig. 7, as a 
function of the angle of rotation of the crank-shaft (°m) ; 

Fig. 9 diagraimnaticaily shows an engine cylinder 
associated with a second form of embodiment of a device 
acc<2$^d£tg to the invention? 

S£gs* 10 to 13 illustrate a second foria of eaafeodijceat of 
the &Q$£Mi*&£arn valve and the by-pass conduit valve in fou,r 
3iffe£*22tft positions each corresponding to a given running 
c<jnditioG o$ the engine; 

M<£~ 14 is a graphic representation f in logarithmic 
c-o^fd^n^es , of compression variations as a function of 
vo^sr^e mm varies engines, one- of which is equipped witfe a 
^SB^^-'.^G&£^Q«f. to the invention; 
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Fig. 15 is a graphic representation* relating to a 
supe^chaarged engine, of the pcesstire ratio of the coapxessor 
as a f inaction of the engine flow in the cases of a 
conventional engine and an engine equipped with a devi<se 
according to the indention; and 

Fig* 16 is a graphic representation of the variations 6f 
torque or effective mean pressure as a function of speed im 
the particular case of a large, highly supercharged 0iesel 
engine* 

Referring to Fig, 1, there is ciagrajfcmatically. shown an 
engine cylinder 1 with its piston 2, fetee£ intake manifold 3 
with an intake conduit 4 connecting it to/ the cylinder head, 
an intake valve 5, an exhaust manifold 6 with a eondtiifc 7 
connecting xt to the cylinder head, and/r£re exhaust valve 8. 

According to a first form of esbodiaaent of the device of 
the invention , there are provided; 

- a non-return valve S so mounted in the intake conduit 
or connecting conduit 4 as to ensure a unidirectional 
co&isiunication in the direction from the intake manifold to 
the cylinder, 

- at least one by-pass conduit 10 substantially equal in 
diameter to the connecting conduit 4 and connecting the 
iaa&afce manifold 3 to the conduit 4 at a point located 
dasmsiiteam {with respect to the flow of intake air) of the 
non-retHm valve 9* In the by-pass conduit 10 is aocozBodirtred 
a valve 11 the opening of which is controlled for exaiople by 
fehe super -charging pressure. 

Before describing in detail the method according to the 
inv^ntlsohjr reference is made to Fig. 7, which illustrates the 
foll^wimg. engine cycles under heavy loads and/or high 



speeds* in dashed lines - a conventional Diesel cycle; in 
dot-antf-dash lines - a gas-engine cycle known as a "Miller 
cycle-; and in heavy lines - a Diesel cycle according to the 
invention. 

Tfoe Miller cycle, developed for gas engines, is 
characterised fey an intake-valve losing ieafi wMch is varied 
according to engine load by making the instant of 
intake-valve closing dependent on the supercharging pressure 
or on the engine load value. The heavier the load, the 
10 greater the lead of the valve closing instant (which may be 
most at SO degrees before the bottom oead centre of the 
piston) . 

in the example illustrated in the case of running under 
heavy load, the closing instant of the intake valve is shown 
by point A. Since the intake valve is closed before the 
bottom dea<i centre (PHB) , an expansion of the intake air 
contained in the cylinder takes place during the last portion 
of the piston downward travel {portion AB of Miller cycle) . 
This expansion caused by an increase in tfie intake 
20 volume for a fixed amount of gas has the advantage of 

reducing the temperature of the gases towards the end of tne 
compression stroke as compared to a conventional engine. 
This appears in Fig. 8 which illustrates the compression 
temperature variations in the three cycles examined and 
wherein the dashed line D^ represents the compression 
temperatures in a conventional Diesel cycle, the dot-and-dash 
line B 2 represents the compression temperatures in a Miller 
cycle end the heavy line D 3 represents tne compression 
temperatures in a cycle according to the invention. 
30 However, to compensate for such a lead in the closing of 



the iata^e valve before the bottom dead ce^txe &£ the 
pistioe , it is necessary to provide a cejrtsiia iuc^ree^e in the 
eqpec-ctergiag- pressure. Shis results i* a& i^sfee line fa*) 
extending e£oye the intake line (a) of a oosfi^fcifcs^ e&gi&e* 

la the Miller system 9 ancer ligfet loa.ds, 
intake-valve closing lead is reduced to allow tfee meoie 
compression stroke to be used, whereas usider he<*tfy loads 
there is a reduced effective compression stroke, wkick makes 
it necessary for the intake-valve closing instant to be 
controlled fcy the value of. the load. 

There is also shows* in Fig. 7, in the case of heavy 
loads, the engine cycle according to the invention {in fce^vy 
lines)- the compression and expansion stages correspondiisg 
substantially to those of the conventional cycle, whereas t&e 
exhaust stage (e s ) corresponds substantially to that of t£re 
Miller cycle. 

According to the invention, it is sought to retain tfoe 
advantages of the Miller cycle while at the sasae time 
ensuring cylinder scavenging, especially under light 
loads aad/or at low speeds. 

Referring again to Fig. 7, it is observed that the 
difference between the Miller cycle and that of the invention 
lies maialy in the fact that in the cycle of the invention 
t&e intake valve closes after the bottoip. dead centre {at 
point A* of tfee curve, substantial ly sysnsetr ical with tfee 
point & of the Miller cycle with respect to tfee feottojs dead 

centre). la other *rords, instead of an intake closing lead 
there is on the contrary a closing lag* 

Btaier s^ch conditions, ^hea the by-pass is open, both 

the tetake volume aad the temperature of the gases at the efe*| 
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o€ t&e compression strode are redaeedi co^paaaag to t&e 
ep^e»%i ! c8as2i ©iasei cyciie s?ifch a ehsrtiefsed- •CfScttfcinfe 
TOTOMBtea stage. 3® &mftsR£ar v trndec tig 
at &©» s#eeSs, she by-pass Sweiarg c&©s©6t f t&e 
&*m**st&l sfettSfee is asee: as tba itfttet: «g^ r «g$ 
s.asae tiae the cosuBetseE-st^as^Grijsg ©fcessaessos is 'mmWkM* 
pffioisRt syliskder seassseaRgiag is- tfeas 0i3&a&$£&* '£$ : 
fcereiaaftsr vita reference fe© £ &> .' 

Fig- 1 sfc@»s che cylinder 1 dmriag tte istoe stttfek^T : 
10 with the irata&e valve 5 o®sa aac tfee eabcest raftee &&m&&- 
*S®*3»**S t^afe the eaoina is rustssiag K«aer/Sbe Ugfcfc load ' 
asA/ot at a low speed, the valve 11 is in its closed 
position, i.e. the intake sir freely enters the c^Matftec 
tferroagh the coisaectiag cc-adasit 4 in a c^saesfciosjal *tt»$ecj ' 

la Pig. 2 the pisto-a is sfcowa durisg its spwarid iao£i'Oj& 
before, the closing of the intake valve, esder sect? 
conditioas, the iatafce air teads to fee forced' oat tw&tf&s ffre 
iatafce manifold a, best this is prevented by the Bosa-retwctt 
vafisve S. 

2© m Fie. 3 the pistos 2 is shown at the iastaat of 

c£ositeg ; of the intake valve, corresponding s«fae£a*tiaU#i <Bfe|# 
closissg leg ©£, for exasple, sore than 3$ degrees. *m&s* 
<3&r£s*g *be travel &} or piston 2 betmn ttae possi-feloas 4Sta«f: 
£a Figs. 1. and 3, a certain amount of isatafee air bas %me® 
co^ipe** is* the caesiecti&s c<m&ait 4 asi<3 bas beezs cc&m%m^M. 
fey fcfee piston 2 ©acisg its travel between tfee iK*fcfcoja 4e£a§ 
cesa&re ^td tke po;mt vhich the pistes* has re<*chea w&eia 
iBtate valve closes • 

la Fig., 4 y tte piston 2 Is sfeos*H in the ^-ieie&i^ ©f 
§• £s&fer*e .{^5ai> towards eke end of- the exfeasst; 



tfee en4 of compression and the e^^^Si-n© stages taking 
pia<?e in a J&anner known per se„ Owusg to fcfee ^Ic^is^ 'lsg of 
the exfe^tst valve S asd tfee opening lead of tfee iufc&fee v^ive 
5, there will a period of tisae wbere both ?d£?e$- «riU fexs 
o#en siaulet&feeously « CoBseg&«atjt; # the compresses 
eao£ined in toe i&fc&fce co&teit 4 ^1X1 es^t*£ asul. €cs&«tf$e tfte 
c^lAngec* t&us eacpeXXiag t&e residaa£ feet eadrett&t gases 
cooling tbe exx*ai*st valve. Thereafter fetie cycsie agaifi ■ 

is the sasse j&&rmer~ 

In -the case of/ engine rusnino at heavy Ioa£ &n&/*>z &£gfe 
speed* the by -pass conduit. 10 fulfils aru isaportasit 
function, indeed it is necessary, in order to I-iait fcke 
temperature at the end of the compress ion/ a & in th« filler 
system, to provide escape patfe through the s&edioiB of tM 
by -pes s conduit 10. 

In Fig. 5 is shown a position of tbe piston 
corresponding to that of ?ic- 1, but in this case the intake 
air enters the cylinder 2x>th through the connecting conduit 4 
and the by -pass conduit 10. 

In Tig. 6 tfte piston is saown in a position 
cor r espooc ing to that: or Fig* 2, during the apvsard motion of 
the piston before the closing of tne intake valve, aa£2 in 
this case the intake air is forced out vfithoist foraaiag a 
reserve of air under pressure* 

In the foregoing the operation of the device has been 
described *?it$ respect sainly to the t«*o extreme oossd£t|^&l. 
cor responding to light loads and/ or low speeds fvai^c ill 
closed) , and to heavy loads and/or high speeds {valve 11 
opess) . At intermediate loads, the valve 11 will be isore or 
less eges, allowing tise pressure within the eoa&ecti&g 



cosHteit 4 to &e controlled. 

Rei&ztinq. soaia t.o 7, t&e portions B* A* of t&e 

^y«cXe according to fc&e ir&ves&fcion* cojrreeaBOfrfi&g* £12 tfee ease 
o£ &i§ti loads; an^^r/s-pee&s* to cfee tseveX cla* 
^t^sen the feo^toe <S^d oeftfc££ a^d fc&e c&o£&b§ -fri fete is&ake 

valve* is a$gxreaeimtel.y lr„ tfee £ojm of & g&afeesai? 
c^rsre^pau^ to fcfee effects ^o&isaea fe&e ikt&fee 
cX&&as&-g Ia§, t&e effect of t.b* aoa^refcter© valve t^eissg 

fey the escape flow taro&fs t&e cg&fc by^^^s co&&*i&» 

Sims, P^ing to the ires^-r^e of §as &fcsred at tfte e^J »C \ 
tfee i&take stasje in t&e cossdssit cois?sect.is§ the (sy&Jjadl&r *» 
tbe I&rake oaaifold* t&ere is pexf erased* as a result s>£.t:fee : 
expansion of tfeis compressed gas at tfee begiaai^g of the 
&c&ve&ginq stage of the faiiofc?i3§ cycle, a sc€&e&«£&&g of t&& 
c^fli^aer particularly usadtec ii<?&t loads and/ox Sfee4s f 
w&ile at tbe same tisss tbe t>¥-pass cessavit allows the 
ad^ajitages of the Miller cycle to £>e retained, i.*e* a 
redaction in t&e temperature of t&e exhaust gases at t&e e&& 
of tfee compression stage to be obtained, t^rt icular 2, v saaefces; 
ftea^f loads and/or at bigh speeds. 

In tfee example illustrated, tiie nonreturn valve 9 is 
shows to t>e located in iisssediate proxlaicy to tfee pois&t of 
collection of tixe conduit 4 vitn the intake isanii^old^ 
Obviously, however, it may be placed closer to or farther 
fross the intake ^alve, thus allowing trie voluse of t&e gas 
reserve to be fixed to any desired preaeterained sralae* But. 
whatever irs position 9 counter -scavenging, particularly imaer 
iig&t loads and/or at low speeds, is always/ ' exclude d*. 

Referring to Fig. 9 j cnere is d iagr a^at leal ly shown a 
second foriu of embodiment of the device according -to tne 



Invent ion, coi^risms a device i0£ axoiyyted in tfee intake 
conduit , foe example in t&e connecting conduit 4> «ki<2& 
device p&z£&cms the £»8o£io&s fcsfcfc fcfeg &o&-retagr& 4&3tf« ■ 
aad Use t>y-pass oosd^it v-dlve in the first form o£ ^^<t|g^fc. 

X8$"coapacises a val^e 1X0 sasd a nos^rie-t^ra valve /G&ts 
s>tem of the valve 110 extessds parallel, to fcfee flow g£ 
intake fixture , with th& valve head 114 directed- tofts&gs t&$-' 
cylinder and its tail airested towards the Intake aattSflaag^.V^ 
*&e vaive 110 co-operates with a seat 3,12 in sack ft issuer. ' 
that the valve opens in the contrary direction to tjiat of- tftg -' 
intake mixture f iov?. ' noa-retBrn vaive 111 oo&fcri£&s £#*r . 
exasiple, social orifices 113- extending tduroeg& tbe tee&d i£4-<»£ 
tae valve 110, and a aessbrane 115 attached to the v-riftpe &&so 
114 and adapted to close tie orifices 1X3 provided In the 
valve need* 

The degree of opening of tne valve 110 is controlled 
external means 116 connected for exaisple to the tail o£/vaXv^- 
stesR vnicn seaiingly passes througn the connecting ooadtiit 
4, e.g * in the region of a oend of the latter. This also 
allies to the by-pass conduit valve or first forss of 

eEbodiisent - 

The operation of the second form of embodiment of tfce 
device according to the invention is based on the sasse 
principle as the one described previously. 

Daring engine starting or light-load and/or low speed of 
ranging, the valve 110 is in its closed position, i re- 
applied to its seat 112. Under such conditions the 
non- return valve ill during the intake stage is opes, i.e. 
permits the passage of the sdxture towards the cylinder 





eo&aecfei&g coaa^it 4 and fch** axial orifices 113 
pgttv&feA in fcfee y^sre head li4 f tfee ae^aa^ liS JSeisig: 

cma;s$& «be neti-an of tj*e p&gfeoii {fig* IS} - . W&r 

s0&tmz& W^i^^i tSte §y££$3tex ostn escape Of?ly .£fegfe|gg&i] 

i@0{fe£>&g£&£<»t s*ag<e : exerts o& the wmAio^-^^'^ . 
Ete££8Sffit<e *fo£cfa e*n»e€ it to £>e applied to the va|^e #S^' 2#$*, : 
ti&xs c&pd&s&g: fetie orifices 113. Ms nzesswe* oa.-^&e- ^>i^e?c • 
fe&S<£, does not open the valve 118, »fc£efc is refea&ctefi . ij» 
dosed position by external means 116* la o£hex- SK>£*te r tfee : ■ 
no^-return valve 111 prevents the cwqp&egss&S mixture from 
heiag fNaxeed heyosid the cosihecting co**di3it 4 towards the 
iaafeafce ssaaifold 3 (Fig. 11} * 

On the other hand, tinder high engine loads arw^/or 
s^eds, the valve 110 is actuated fry the control mea**s 116 is 
a nvQCe or less open position, thus permitting, daring the 
intake stage, the filling of the cylinder (Fig. 12} r and at 
the beginning of the compression stage, the escape of part ©£ 
the 

compressed mixture (Fig. 13) . When the valve 110 is in its 
open position, the non-return valve 111 is practically 
inoperative. 

It is important to note that, since the most usual 
operatiiig condition of the engiae corresponds an 
approxiisateiy fully epem .position of tne valve 110, the 

Hi 

noE-retiirn valve/ operates oaiy very seldom, thus increasing 
its life. 

'She device according to both fcnas of eniboeiiaent of the 
isveotion therefore allows the previously described method to 
tie carried cut very siispiy, which method comprises ereatiB^.^ 
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£ese;sve of ^osso-cessed gas fce&weeti ti>e intake v&X*m S aaid jbtoe 
devise 9 gi^ea&afely at Iio** e&gipe 




Spelr a &#ce allows imp<?sS^^t a^^gg§p£,* ifco oSjg^i^^^^fe 
fe&e esfifleefcitfe ^s^fees^j^fe ra£&o ^"^•r^^ 



piston strike ox 
witife suerfc a device. 



tfegerring sxore Bsa^ictai^iely to. Fig. 14* ^^■fis^^^r^^ 



the compression g^^fes^ of ^a^-iotfcs e^g^es^ -nra^efef. «r " *r-'-;vH 



- ^raph A {iaa t&3& eo^tiaauous safes} fox a ooa^^teis^ 



eng^**^ r 

- graph B {in this* das'hed lines) for a 
low-^onipressi03*--ratio engine, for example a large Diesel - 
engine with a compression ratio lower tban 10 , and, 

- graphs CI to C4 for an engine equipped witSa a ^deva^e . 
aGcording to the invention : graph CI (in heavy da^siifid l2^e^J: ; -^.-*|;^- 
corresponds to the curve of pressure against a voltaae k 'tfe;',|^ 




oyli^der ditring starting with -trrse valve 11 or 110 ; graph 
(in beaver eontiniaoas lines) represents aa idealized carve of 
pressar^ against volume during: starting in the cylinder a&d 
t±ie cylinder -bead conduit with instantaneous closing of the 

intake va^ve at about 100 degrees of the crank-shaft after 
bottpJG dead center ; grapb C3 represents the pressure- volume 
curve ^i'tii iMe valve 116 in completely open position ; and 
3Q grapb^ C4 represents tfee pressure -volume curve for an 
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Hte-- 

fife 
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8K*« ■ ^ 



-^sii^&^. ^feese g.£ f ^frs £BK|- m< 





ty- at. tte enad xzoi^0gg^& 

^|i^|of >fefe5r fx$» dead a^t^r}, is «^.4SttG&f C-.-:-\ l> ^f 
]" '7/. ■ : '-'ir?f! 

SSjSSare ps a sm^La. loss ®f C<^m^t^ms^ou c&S^^^B^^^^'- - ; C.--M 

C0pM^±^tml e^£te«jnE4fe valve 2Ub& is s^^a^iMjf^s^.'-/ '^1^ 

t&e medium of ttee device 1©9 has gg> SHeffSgggts oos^(g3f^^s i^^-v:- ■ 
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- -■ Saicb a device ensures to tfee e^g&%£ a v^iaMfce ^^^^^^^ 
^ropr^ssioii ratio sria&eh reaches a HiaxMom on stssEjC4fcisBg,.-3SaSSa' -" : 
;ina^iMiiusi a£ nominal .power.. Indeed, daring sta^£i©#* 
Xftgfet ILo.ads and/or at I<o*r speeds of t&e engine t&e va&ve jfc^H- 
teeiieg. p£a:Cfci<^Il^ e3iose&, the compress ion stage begins .j; 

c> >yki/e& ii^e^ps that the cosagressien ratio is im&g^^'-- 
&. t&e SStte w&ere the vaJjve liO is in opten poss^t^^^J.. 
-.. «.ng3?2ife v 05g#.fL^ped- w&fck. s^tcfe a device t&esn^^e <agroft^ps 
^36 : ^^B^tages of l^w^compressAo33-ratio engine uaiSe^ fe^a?^" ' 
^^das- 0&$jfoz a-t isiigfe speeds , and M*e advantages of a 

€Ag<S»e during starti^g # tmdex lig&fc EkDja^s 
a^fe S55a3ri^ speeds * 

This vafraia^feio© of tiae effective compression ra^tio is. 
fe^J^Sa0g#^ to a v-a^aa^Ie piston str-ofce volume vaarvisig .ift 
sa§^ dt^tefeiso'ii .as tfi^ compression ra^tio* lirde^c^ t^e 




non^ret4*rn valve -being fe&w^fed, 
increased* 

S&ch a device also ot&ps&s cre^tie^ 
parti«ftJ&ac, it perssits. t#e- li^ig^f^^ *^ 
pressures when the waive is <$|^%. 
va&aes to be obtained sitfce 

sE^jDsfeargiag pressures to Gomp&&^^£- -£&r ti^ ; 
effective stroke volume* St partial 

higi* efficiency is obtained with the ns^al cx^^^e^i^ ; 

10 ratios , the valve 110 being closed or sligfefely opesu 

Snon a device also offers another advantage wfeich wiM 
be shown* with respect to a siiper charged engine, with 
reference to Fig~ 15. This figure snows graphically fe&e 
variations of the total compression ratio of the compression . 
stage or stages as a function of the engine flow in the case 
of a conventional engine {curve Dl) and in the case of an 
engine equipped with a device according to the invention 
{<suarve D2) . In this graphical representation are also shossn 
a curve B3 which indicates the pusiping limit of the 

20 compressor of the supercharging stage and which divides the 
plane into two regions r namely a region I where operation is 
impossible and a region II where operation is possible, and 
corves D4, D5 and D6 corresponding respectively to points of 
operation at different ecrua! powers for the two curves Dl and 
D2, i .e- 25%, 50%, 75% , 100% for the helix law. 

This graphic representation shows an advantage derived 

from the variable effective cylinder volume, consisting in 
that r by reducing the load and speed of the engine in 
N particular according to the helix law, there can oe obtained,, 
30 ; at engine speeds which are more reduced owing to the/s%*efee 
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&eis*g increased by closing tfae val** IX <?3C 110* isore 
fluw afcsorbea by the engine, I *e* the pssipi&g iiaslt defined 
fey the ciasn?e 03 is considerably departed fro®, tfeas er*st*£i$9 
a hi^fely fispooreble effect*. Otherwise stated, tfee 
supercter^og air pres^qses obtained afeead the esgise islet 
ate higher a* partial speeds because tte gats flcs* &>Hv&xg£ 
to fetee t^rfeioe diminishes relatively little vifcfe the eagiiae 
speeS o*t**g*¥t? the inre&^e of the useful cylinder voleass* 
f^g*, la. illustrates the variations of the saasrfaafisi 
10 effective* pressure curve <Pme) for a large , coasi*ierafely 

supercharged engine in the case of a conventional engine 
{curve D7) # and in the case of a large 
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^ X^isme keing i&<^e^e*i by closing t&e 'valve 11 or 110, more 

fl^Ns^ocfeed % tfee engine* i.e- the puaapisag limit define 
by t&e 03 is considerably departed from, t&ss ensuring 

H a highly favou^s^ effect* ©tfe^a^wdase staged, t&e 

st^cctexrgtog air pare&sq»e5 ofefc:£#a&£<& afcea€ tfce eijgisie inlet 
are bigkes at partial speMfeHte&*^ fcfee gas flow delivered 
to the turbirve diminishes relativ&£# little wit& tfee e&gxoe 
speed uwing to tbe increase of the Gs^^cylinder voluiae. 
k. Pig. 16 illustrates the variations of t&esjaaxiiiium 

10 effective se^ pressure curve (Ps&e) for a large, ccfe&^jSerably 
I supercharged engine (curve Dl) , a&d in the case of a laro^ 

engine equipped with a device according to the invention 
{curve DS) ? curve DS illustrates the operation of a large 
ertgine complying with the helix law. It clearly appears from 
a comparison of such curves that higher torques can be 
achieved at partial speed with t&e device according to the 
invention. 

It should also be noted that the device constituted by 
the valve 110 and the non-return valve 111 can be replaced by 
20 any equivalent device ensuring the same functions as those 

described previously* Moreover, the degree of opening of the 
valve 110 ensured by the control means 116 (according for 
example to engine speed and/or loadjhas at least two values , 
i.e. a ^iniiausi value and a maximum value, or varies either 
discretely or continuously between those two iisiit values. 

Tiius, with such a set of character istics, it is quite 
possible to conceive a turbosupercharged engine better 
adapted to the natural chacterer istics of the turbocharger . 
An other advantage of the invention lies in the 
3G improvement of the aptitude to acceleration and/or rapid load 



a* 
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taking in the case of highly supercharged engines owing to 
the possibility of scavenging the cylinder, while the valve 
is closed, even when the supercharging air pressure is lower 
than Uie gas pressure at the cylinder outlet, a condition 
that is frequent at the beginning of the transient 
acceleration and/or rapid load -taking stage* 

The scavenging advantages obtained as a result of the 
use of the non-return valve also apply to the case of the 
non-supercharged engine* 

Of course, the invention is by no means limited to the 
forms of embodiment described and illustrated which have been 
given by way of example only. In particular, it comprises 
all means constituting technical equivalents to the means 
described, as well as their combinations, should the latter 
be carried out according to its spirit and used within the 
scope of the following claims. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS 
1. A method for improving the efficiency of a four -stroke 
cycle internal coiabustion engine having an intake manifold, 
at least one cylinder, and for each cylinder a piston, an 
exhaust valve, an intake valve and an intake passageway 
between tb<=> intake manifold and the intake valve , the jaethod 
comprising for each engine cycle xa each cylinders 

opening the intake valve before tfc*e piston reaches top 
dead centre at the end of the exhaust stroke and 
shutting the exhaust valve after top dead centre during 
the intake stroke to define a period when both valves 
are open simultaneously; 

retarding the shutting of the intake valve until after 
the start of the compression stroke; 

selectively blocking the intake passageway at a location 
spaced from the intake valve to permit one-way flow of 
gas from the intake manifold through the intake 
passageway past said location but to prevent, at least 
for light engine loads, reverse flow through the intake 
passageway past said location to the intake manifold, 
said blocking location being selected to create a 
reserve chamber of predetermined volume in the intake 
passageway between the intake valve and said location, a 
reserve of gas being compressed in said chamber while 
the intake valve is open during the compression stroke 
and then beirn* expanded through the intake and exhaust 
valves during the next period of simultaneous opening 

thereof to provide improved scavenging of the cylinder 
at the start of each intake stroke; 



and 

opening a path between the intake valve and the intake 
manifold at high engine loads for permitting the escape 
of at least part of said compressed gas reserve back 
into said manifold t thereby reducing the effective 
compression ratio at higa load. 

2. A Eiet&od according to claim 1 wherein the degree of 
opening of said bypass path increases with incteasiag eagiae 
load . 

3. A method according to claim 1 wherein the step of 
retarding the shutting of the intake valve comprises 
retarding the shutting of said valve until at least 50 
degrees after bottom dead centre at the beginning of the 
compression stroke. 

4. Apparatus for improving the efficiency of a four-stroke 
cycle internal conthustion engine having an intake manifold r a 
plurality of cylinders, a crankshaft, and, for each cylinder, 
a piston connected to the crankshaft , an exhaust valve, an 
intake valve r an intake conduit connecting the intake 
manifold to the intake valve, means for opening the exhaust 
valve for a predetermined angle of rotation of the cranksiaaft 
during each engine cycle, and means for opening the intake 
valve for a predetermined angle of rotation of the crankshaft 
during each engine cycle, wherein the improvement comprises: 

non-return valve means mounted in said intake conduit at 
a location spaced fross the intake valve to provide a 
reserve chancer of predetermined volume in the conduit, 
said non-return valve permitting flow from the intake 
nxanifold therethrough but preventing flow in reverse 
direction? 
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said steals for opening the exhaust valve being adjusted 
to open said eKh**ust valve during t&e exhaust stroke and 
to shut said exhaust valve after the piston reaches top 
dead centre at the end of the enfcaust stroke; 
said Hteans for opening the intake valve bei&g adjusted 
to open said intake valve before the pxstoa reaches top 
dead centre during the exhaust stroke and to skut said 
intake valve during the coaspression stroke to forsa a 
reserve of compressed gas in said reserve cha&ber during 
the beginning of each compression stroke prior to tne 
shutting of the intake valve, so that said reserve is 
released into the cylinder upon the subsequent opening 
of the intake valve to provide effective scavenging 
during the period when both the intake and exhaust 
valves are open simultaneously ; 

a bypass path around said non-return valve means 
connecting said intake valve to said intake manifold; 
bypass valve means in said bypass path; and means for 
selectively opening said hypass valve means at high 
engine loads to release at: least part of said reserve of 
compressed gas for reducing the effective compression 
ratio of the cylinder at high engine loads. 
5- Apparatus according z.o claims 4 wherein said means for 
opening the bypass valve means is responsive to engine load 
for varying the degree of opening of said bypass valve 
between a lainixsa© value and a s*axis3Jum value • 
6. A device according to claia* 5 f wherein the degree of 
opening of said bypass valve varies discretely between said 
t?^o liiait values. 



I 



7* A device according to clai& 5, %*fcesreis tb« degree of 
ope&in^ of said bypass valve varies cotttimjoasly hetve>n said 
two limit valines. 

& device according to claim 5, wt^rein tbe degree of 
opening of said valve is maxima at fexah engine ioads trad i& 
miaisasa at Xigh^r loads. 

9* apparatus according to claim 4 w&erein said bypass valine 
comprises a valve bead ©osmted at said predetersained location 
of the non-return valve in the intake passac£*?ay , and said 
non-return valve is counted on said valve head. 

10. Apparatus according to clais 9 wherein sale* non-return 
valve comprises : 

a plurality of orifices extending through the valve head 
for providin9 cosssmnicatioa between the intake valve 
sice and the intake aanifold side of the valve head and 
obdurating means attached to the valve head asd adapted 
to open said orifices in repoase to a positive 
differential pressure between the intake manifold side 
and the intake valve side of the bypass valve head, and 
for shutting said orifices in response to a pressure 
differential In the reverse direction 

11. Apparatus according to claim 10 wherein said obdurating 
sieaas ^ossprises a flexible aemfcraae attached to the intake 
valve side of the valve head fcr uncovering said orifices ia 



I intake manifold side and tne intake valve side of the bypass 

valve head and for sealiagly covering said orifices in 
response to a differential pressure in the reverse direction. 
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response to a positive pressure differential between the 1 



i3U ^Bpaarate* according fca ciaim $ Nereis* ssikj feggs^ss v^tl^e 
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